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November 27, 2001

Wilbur Smith Associates
465 East High Street, Suite 100
Lexington, KY 40507-1938

Attention: Mr. Michael E. Merriman, P.E.

Reference: Geotechnical Overview for Kentucky State Route 30 Scoping Study
Between US 421 at Tyner and KY 11 at Booneville, Kentucky
Owsley & Jackson Counties
ltem No. 10-279.50
QORE Project No. 24301765

Dear Mr. Merriman:

QORE personnel have reviewed the six (6) proposed alternate corridors for the KY 30
scoping study between Tyner and Booneville. This work was performed in general
accordance with our letter agreement dated June 29, 2001.

General Topography

The proposed corridors lie in Jackson and Owsley Counties, Kentucky and generally
have a southwest/northeast orientation. Moderately sloping mountains with narmow
valleys characterize this general area. The project will be constructed across five USGS
(United States Geologic Survey) quadrangle maps. General location and topographic
information about the potential project site for each quadrangle is listed below:

Quadrangle Location on Quadrangle Elevation Ranges

Tyner Northeast corner 1060 to 1360 feet

Mauldin Northwest corner 1060 to 1340 feet

McKee Southeast corner 1020 to 1340 feet

Sturgeon Southwest comer extending 840 to 1367 feet
to the east side

Booneville West side 740 to 1320 feet

General Geology

Based on the geologic information from the USGS Geologic Quadrangles for the five
quadrangles, the western quadrangles (Tyner and McKee) are underlain by the Breathitt



and Lee Formations. The eastern quadrangles (Maulden, Sturgeon, and Booneville)
are underlain by the Breathitt Formation. Alluvium (water transported soils) is indicated
along the bottoms of the major drainage ways. The majority of the proposed corridors
are underlain by the Pikeville Formation, with the Grundy Formation present near the
lower elevations of the valleys. Please reference the attached “Geology of Corridors”
exhibit for details. Also, please reference the attached generalized “Geologic Column”
exhibit for descriptions of the applicable geologic units.

In general, the Breathitt and Lee Formations are comprised of sandstone, siltstone,
shale, and coal seams. There are only a few major coal seams which are commonly
mined in this area. The shales are typically considered non-durable, while the
sandstones are typically considered durable.

The local dip varies by quadrangle and generalized dips within the project areas are
listed below:

Quadrangle  Dip Direction Dip (percent) Dip (feet per mile)

Tyner East nearly flat nearly flat
Mauldin Southeast 1.4 75
McKee East 0.75 40
Sturgeon East 1.1 60
Booneville East 0.9 50

It is probable that the coal seams act as aquifers and allows groundwater flow.
Therefore, this groundwater flow would likely be toward the east or southeast, or until it
reaches daylight. From this point it would flow downhill to the valley bottoms and creeks.
Acid mine drainage is a possibility due to previous coal mining activities. No fault lines
were identified on the geologic maps. This project is in Seismic Risk Zone 1, which is
defined as an area of minor damage that occurs with earthquake activity.

Previous Surface Mining

Surface (strip) mining has occurred in several areas near the proposed corridors. It
appears that the majority of the surface mining is contour stripping, with some minor
amounts of mountain top removal. As such, bench backfilling of the mined areas has
been used. Further analyses and filed investigations will be necessary to determine if
hollowfills have been constructed, or if there are slope instability problems.

Previous Deep Mining

Public records were reviewed at the Kentucky Department of Mines and Minerals in
Frankfort, Kentucky to help determine the extent of underground mining within the
region. The five quadrangles reviewed were: Tyner, Maulden, McKee, Sturgeon, and
Booneville. It should be noted that these maps do not include all of the previous
underground mining activity since mapping did not become commonplace until the
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Unnamed seam at Elev. 1200

1970s. Therefore, unmapped deep mining, especially augering, may exist in some
areas. Recorded underground mining is listed in the following table:

Not Mined

Tyner
Maulden Huckleberry Mot Mined
Unnamed seam at Elev. 1060 Not Mined
Manchester Not Mined
McKee Tattlers (or Beattyville) Not Mined
Gray Hawk Not Mined
Manchester Not Mined
Sturgeon Jellico Not Mined
Unnamed seam at Elev. 1200 Not Mined
Gray Hawk Strip Mined
Beattyville Not Mined
Manchester Not Mined
Booneville Upper Elkhorn Mot Mined
Amburgey Mot Mined
Whitesburg Mot Mined
Copeland Mot Mined
Upper Elkhorn #3 Strip Mined

Status See e

USGS geologic maps were reviewed for each of these quadrangles looking for mine
adits (openings). Mine adits were indicated on the USGS geologic maps for the
Maulden and Booneville Quadrangles. However, these mine adits did not appear on the
Department of Mines and Minerals maps. It is possible that some, but not extensive,
underground mining occurred near these adits.

Gas and Oil Wells
Gas and oil wells (active and abandoned) have been mapped based on available public
records. Additionally, gas wells shown on the USGS topographic maps were also
mapped.
Existing Problem Areas

There are several items of geotechnical concern to the proposed project. These are
indicated on the attached “Areas of Geotechnical Concern” maps.



1. Previous surface mined areas are a concern due to their inherent problems (poor
backfilling practices, random fill particle size, inadequate fill placement/compaction
procedures, and acid mine drainage). The surface mined areas are indicated on the
attached maps as vertical, blue crosshatched areas. Quarries were also indicated on
the Tyner Quadrangle, but are not located within the project area.

2. Deep mined areas carry a risk of subsidence, or encountering the old mine works
associated with shallow deep mines. The deep mined areas are indicated on the
attached maps as horizontal, blue crosshatched areas.

3. Qil and/or gas wells are also of some concern to the proposed project. They present
constructability (blasting, etc.) and monetary issues. Active wells are indicated in
red, while dry or abandoned wells are shown in black.

Proposed Corridors

At present, there are six proposed corridors for this project — Corridors A through F.
Each of these is presented in different colors on topographic maps that are attached to
this report. Generally, all of the corridors diverge from Tyner, converge near Sturgeon,
and then diverge again before converging near Levi.

Conclusions

From a geotechnical and constructability perspective, any proposed corridor alignment
should avoid certain problem areas or potential geotechnical problems. A preferred
corridor should avoid strip or deep mined areas because of the inherent problems
associated with these types of mined areas. Additionally, the preferred corridor should
avoid oil and/or gas wells for reasons previously discussed. Finally, the preferred
corridor should be located along the up-dip side (north or west side) of any side hill cut
area(s) to lessen the possibility of future groundwater problems.

From our initial geotechnical overview and based on the geologic considerations
discussed in the previous sections, the proposed corridors would be ranked in the
following order:

1) Corridor E — Contains the fewest areas of surface mining or potential deep
mining, and avoids concentrations of oil and gas wells.

2) Corridor F — Avoids concentrations of oil and gas wells, but contains a
small number of surface mining or potential deep mining sites in the
northemn portion of the study area.

3) Corridor A and Corridor C (tie) — Contain few areas of surface mining or
potential deep mining, but cross a concentration of oil and gas wells just
east of Mummie.

5) Corridor B — Also crosses a concentration of oil and gas wells just east of
Mummie and contains a small number of surface mining or potential deep
mining sites in the northemn portion of the study area.



6) Corridor D - Crosses a concentration of oil and gas wells just northeast of
Mummie and contains a small number of surface mining or potential deep
mining sites in the northern portion of the study area.

Since all of the proposed corridors basically converge near Sturgeon, we also divided
the corridors into two “sections” — from Tyner to Sturgeon, and from Sturgeon to Levi.
Based on previously discussed criteria, the southern route from Tyner fo Sturgeon
(Corridors E and F) presents the best options. From Sturgeon to Levi, the all of the
southern routes (Corridors A, C, and E) again presents the best options.

Further refinement of the proposed corridors and field observations will be necessary to
provide a definitive “preferred” geotechnical comridor. Each of the proposed corridors
should provide adequate fill disposal areas within the project limits. Therefore, the
proposed corridors were not evaluated based on fill limitations.

Recommendations
The following general recommendations are applicable to any of the proposed corridors:

1. Fill for embankments will likely consist primarily of shot rock since soil
overburden is thin in most areas. Shot rock fill can be placed according to
requirements as specified in the Kentucky Transportation Cabinet, Department of
Highways, Standard Specifications for Road and Bridge Construction (latest
edition).

2. Shrink/swell of newly placed fill should not be of significant concern in most
areas. However, consolidation of soft, alluvial soils near the valley bottoms may
present some settlement concerns for embankments or for box culverts or other
drainage structures.

3 For preliminary estimating purposes only, a California bearing ratio (CBR) of 5
percent is recommended. This value represents a conservative value based on
the assumption that the majority of the fill placed for the pavement subgrade will
consist of a mixture of soil and shot rock materials. If a 2-foot thick durable rock
roadbed is specified, a CBR value of 11 can be considered. The local geology
suggests that there may be durable sandstone available within certain portions of
the proposed corridors.

4, It is recommended that the preferred corridor avoid contour strip or deep mined
areas, if possible. Acid mine drainage is one concern for these areas and could
be encountered—either from new cuts or from old mined areas. Special
construction considerations or methods may be required to mitigate the acid
mine drainage.

5. Groundwater seeps or springs should be expected in down-dip cut areas—
especially those cuts that intersect a coal seam. As such, special construction



considerations will likely be required to collect and pipe groundwater in these
areas.

6. Cut slopes in massive, durable sandstone are typically stable at 1H:20V
(horizontal to vertical). Cut slopes in durable shale or fractured sandstone are
typically stable at 0.5H:1V. Cut slopes in non-durable shale should be stable at
1H:1V or flatter. Pre-splitting will be required once the rock disintegration zone
(RDZ) has been encountered. An overburden bench and flattened cuts slopes
will be required above the RDZ. Since there has been no geotechnical work
completed for this project, rock coring and additional geologic evaluation will be
required before specific cut slope recommendations can be defined.

47 Cut slopes in mine spoil fill will likely require 3H:1V outslopes. Due to the
likelihood of highly variable subsurface conditions in mine spoil fill areas, special
construction considerations may be required dependent upon the specific
conditions encountered.

8. Fill slopes constructed of shot rock fill are generally stable at 2H:1V. Flatter
slopes may be required depending upon the shear strength parameters of the fill
material. Rock toe buttresses may be necessary at the toe of fill slopes in deep
alluvium soil areas.

CLOSURE

QORE appreciates the opportunity to participate in this project. Please contact us if you
have any questions about this report.

Respectfully submitted,

QORE, INC.

Bruce L. Hatcher, P.E. Craig S. Lee, P.E.
Senior Geotechnical Engineer Senior Engineer
Kentucky 14527

24301765/GEQOreport
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PAYS

CESCRIPTIONS OF MAPPED UNITS

ALLUVIUM {GUATERNARY| — Send, sit, clay, and gravel Clay, sil, and sand dominate fivers and inbulanes
Cal but pebhies and cobbles of localty denved sandslone, limesione, 3nd Coal also oocul, gspeaally n igudanss
Sl Tocally occur as remnants of allwium on cutol meanders and lerrace deposils of largar meers Ll
commanly grades mle cofuvium and landshde debing (nol mapged) along valey sides Onlylarges allunal
depasits are mapped, and contacls are approsm dlely caed

BREATHITT GROUP (LOWER TO MIDDLE PEMNSYLVANIAN) = The Bredhitl was mapped as a feermalin on
the teanly-lour 7 S-minule geologic quadrangle maps el were used to construcl (e Hazand 30 = 45 mingte
uadrangla map, bub Chesnut { 19562) elevated the Breathilt to Group status and dividad he group nio
formations tased on reqionally welespread shae members wilk manne fauna Several of these shale membsrs
wirs mappad on the 7 S-minute maps and are descnbed Bekiw Tne Breathitl Group (ondains congsmerates,
candetones. silstones, shabes, coals, and imestones Two bypes of sendstones woour quartzareniles (mara
than 90 percent quarz), n the Cortan Sandstone Member, wihich wis previgusly assegned 10 the Lee
Farmahion, but was ressigned to tha Grundy Formation by Chesrad (1392), and an unnamed sandslune
bereath the Carten Sandstene, informally called the Hazel Palch sandstons [Blanicher and Brown, 1970) More
common e rest of the Brealhdt Group are ighl- 1o medium-gray, 1an- te browrn-neathenng sandstones that
are finé to meduwm graned, locally coarse grained, sihceous but lgcally cacarsous, and arkisi 1o
subltharentic. They consist of 60 10 80 percent quanz, 2 to 15 percent feddepar, and lesser amounts of mica
opaque minerats, and rock iragmants Conglam r2es in the Corben are composed of quarts getbes, in ol
Braathil sardstones they consist of shale, sidente, and coal Clasts

il fhe fomations in the Eraathit Group are thalogecally suniar The shale members [Belse
kendnck, Magothn, Steney Fork)al e base of sach formabion generally contain a than, black b dan-gray tlay
shabe and drscontinuous, dark-gray 1o biack imestone ar sigeniic sandstone with common marne fossls
(summanzed in Chesnut, 19974} Basal shales orade upward il lamnated, dark-gray silly snate with
gbundant sidenle lammae and nedules, elliphical saucer-shaped Carbonals concretons, and scdive 1essiks
Silly shales coarsen upwind intd thin-bedded, often booturbated sittstone intedsaded with tne-gramed, rpple-
padded sandstone and shale, the sitstong-sandstune-shiale unik i Lum COarsens Upward Info massive 1o
ciosshadded sandstong, which may truncate the coarsenng-upwiard profile

Coarsening-upward shale members are overian by 1w 16 lve ¢ oal zones Each zene consists ol
migltiple coals thal may spi laberdhy or grade olo Carbonaceows shales and rocted sedl rocks, aithough at
teast one of the coals i usually extensive and mapped on the 7 S.unute quadrangle maps Coal Zones are
saparaled by shales, sltstonas. and sandstonas, and generally exfibd ponsiderable lateral vanabilly Some
sandstanas are (ocally edensive and useful as siraligraphic mathes

PRINCESS FORMATION [MIDDLE PENNS YLYANIAN ) —Named by Chesnut 1982} for strala Getwsen e
F"pr hase of the Stoney Fork Member and the base of the Conemaugh Formaton, which rs ot presery edon (s

quadrangle The formation s equnvalent to a und mapped as the upoer Brealiill Formation by Bice | 1985) The
nase of fhe Stonaey Fork Member (Ping and Fyce. 1979} 5 lacally 2 thin (010 4 0t carbonale, which was
mapped on s0me T S-minute quadrangle maps &5 the Lost Creek Limaslone al Morse [1931), e Los Creek
Lenestang 15 nol currently recognied as 2 lormal bed n the nerheastem pan of the Hazard Quadrandgle, 8
second carbonate, he Fiint Ridge Fiint (Marse, 1921], ocours above the Skyline coal Tona and 15 mappsd an
some 7 S-mingte quadrangle maps The Fiint Ridge Flinl consesls of tan chart and yellowsh-gray fo Gar-aray,
sparsehy fossiiferous, thin-bedded hmestone and sandslone, i 15 ganerally less than 3 1Ltk althoudh L nay
be @ much as 30 1 thick in channgl deposis (Hinchs, 19780 Coals in the Princess Formation, n
descending order, are the Skyling coal 2one (Hazard No. 11), equrvalent 10 The upper and lower koot coal
zong (Hinnehs, 19780 ], {Mixon, 1965, and the Tiptop [Hazard Ha 10} coal Because the lamahon oCurs
anly in he taps of s in tha nodheastem part ol the Mazard Quadrangle, & 15 generally nol well expased,
although the Staney Fork Member 15 exposed i upper roadiuts along Kenducky Highway #0 & the Hazand
Morth 7 & mingle quadrangls (Cobb and olhers, 1981, Chesnut, 19974)

FOUR CORKERS FORMATION (MIDDLE PENHSYLVANIAN) — Named by Cheanul | 1937) for slraia between
Pfe i bace of the Magoliin Member and the base of the Stoney Fek Mamber, which 15 equevalen 1 thi middle
Breathall Formation of Rica [1955) The Magofin Member {Ouertndge, JUT8Y, which 15 equivaler 1 he
Magolin Beds of Morse (1931) and earar usage, s thee mos? widely recogmized of ENe manne Tones in i
Breathilt Grous, dvanes Irom 016 85 fin thickness acrass the Hazard Quadrangle, [Fckening to the easl The
pace ofiha unet was used a5 & color break on many of the T S-mewite quadrangle maps et compose the
Hazard Quadrangle Coals n he Four Comners Formation, n descanding grier, are the Hrdman [Hazard NG
a), Francis (Hazard No 8], Hazard No T, Hazard zone (whch includes in# Leathermood, Hazard Mo 5,
Hazard Mo 54 and Mazard o 6 coals), and ihe Haddix Zong This uil was named fiar the Four Commers
axposure @ the intarsection of Kertucky Highway 15 and Kentucky Highw ay B0 (T abt and ofhers, 1981), and
i also well exposed along the Daniel Brone Parknay was! of Hazard {Home, 1978 and alend Kentucky
rhghway 30 east of Hazard [Chesnul, 19916]

ol the Kendnck Shale Member and the base of the Magathn Member The Kendnck (Aisn 1919} vanes from
0he 45 1 in thickness and was not mapped on several T Sminute quadrangls Maps becauss it had been
replaced by sandstone (& g , FRice and Lee, 1978) Whers the Hyden Formation s missing, tha top ol the
Amburgy coal 15 corsidersd the base of the larmation Coals in the Hydén Faqmation, i descending order, ane
the Cogland, Hamlin zone. Fire Clay nder, Fire Clay (Hazand No 4), and Whilesburg 2one The Fire Clay coal
conlains & debinctive 2- to B-in ek, black to beown fint clay walh conchoidal racture that was degasiled Bs @
walcane ash deposit Samdines in the finl ciay have been radiometncally daléd ot 37 +1 Mabw Lyons and
glhers (1982} and 311 +1 Ma by Rice and ofhers {1904) The Fure Clay coal and fint clay are well exposad
along Kenlucky Highway 15 near Carr Fork Lake [Eble and others, 1095) The formation crigs out along the
Dianuel Boone Parkway west of Butknom Reservair {Cobb and olners, 1931, near e dam al Buckham Stale
Park (Danlcik and Lewis, 1978a), and along the Kentucky Highway 15 bypass arpund Hazara (Eble and
olers, 1995)

| HYDEN FORMATION (MIDOLE PENNSYLVANIAN) — Named by Chesnat {19937 for strata between the base
Ph

PIKEVILLE FORMATION [MIDOLE PENNSYLVANIAN) — Hamed by Chesmul 1 1583] bor strata belreen Ine
PPR base of the Betsie Shale Member and the base of tne Kendnck Shale Member The Belsie Shale was delined

by Rice and olhers in 1957 and was not shisn o1 T S-minute quadrangle maps. sthough  raam iy oo
just abova the Manchestar-Lily coa, which wes eulensivelymagped in 1 S-mids quidsangles in Bhi wiste
sart of the Hazard Quadrangle. Coals in the Pileville Formabion Ihal were mapped on T S-mmude quadrange
maps ane, indescendng ordar, he Amburgy 2ane, Lipper Elkhom Mo 2 zone, Jelsco-Hucklebermy zone, and
the Biue GemiPand Creek 2one The Upper ElkomNa 3 ¢oal is ovadan By & carmanaceous shiale contamning
manne fossils, called the Elkins Fork Shale, whech was descnbed on sey eral T S-minute quadrangle maps The
Kendnck and Ellans Fork Shales are well exposed slong e Danse] Boone Farkway m Clay County (Cebb and
olhers, 13814

Bee Fotk Sandstone 1o Ine base of the Betsie Shale  The upper parl of the formalon 15 locally dammaled by
trach, crossbedded, sandstones The Corbin Sandstons Member mey inkerfinger willh lalzra tacees & the fop o
the unit The upper part of the Grundy tontaing the Manchester-Lily coal, wiich 15 underlam by e (ray Hawk
and Bealtyailla-T allbers coal  The lower par of e Grundy does not erop oul in the mapped area, bul 1 goes
contain similar coal-beamg rohs

- GRUNDY FORMATION (LOWER PENHSYLYANIAN) — Namead by Chesn (1992} far sirata from the top of fhe

Geologic Column
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ALLUVIUM {GUATERNARY| — Send, sit, clay, and gravel Clay, sil, and sand dominate fivers and inbulanes
Cal but pebhies and cobbles of localty denved sandslone, limesione, 3nd Coal also oocul, gspeaally n igudanss
Sl Tocally occur as remnants of allwium on cutol meanders and lerrace deposils of largar meers Ll
commanly grades mle cofuvium and landshde debing (nol mapged) along valey sides Onlylarges allunal
depasits are mapped, and contacls are approsm dlely caed

BREATHITT GROUP (LOWER TO MIDDLE PEMNSYLVANIAN) = The Bredhitl was mapped as a feermalin on
the teanly-lour 7 S-minule geologic quadrangle maps el were used to construcl (e Hazand 30 = 45 mingte
uadrangla map, bub Chesnut { 19562) elevated the Breathilt to Group status and dividad he group nio
formations tased on reqionally welespread shae members wilk manne fauna Several of these shale membsrs
wirs mappad on the 7 S-minute maps and are descnbed Bekiw Tne Breathitl Group (ondains congsmerates,
candetones. silstones, shabes, coals, and imestones Two bypes of sendstones woour quartzareniles (mara
than 90 percent quarz), n the Cortan Sandstone Member, wihich wis previgusly assegned 10 the Lee
Farmahion, but was ressigned to tha Grundy Formation by Chesrad (1392), and an unnamed sandslune
bereath the Carten Sandstene, informally called the Hazel Palch sandstons [Blanicher and Brown, 1970) More
common e rest of the Brealhdt Group are ighl- 1o medium-gray, 1an- te browrn-neathenng sandstones that
are finé to meduwm graned, locally coarse grained, sihceous but lgcally cacarsous, and arkisi 1o
subltharentic. They consist of 60 10 80 percent quanz, 2 to 15 percent feddepar, and lesser amounts of mica
opaque minerats, and rock iragmants Conglam r2es in the Corben are composed of quarts getbes, in ol
Braathil sardstones they consist of shale, sidente, and coal Clasts

il fhe fomations in the Eraathit Group are thalogecally suniar The shale members [Belse
kendnck, Magothn, Steney Fork)al e base of sach formabion generally contain a than, black b dan-gray tlay
shabe and drscontinuous, dark-gray 1o biack imestone ar sigeniic sandstone with common marne fossls
(summanzed in Chesnut, 19974} Basal shales orade upward il lamnated, dark-gray silly snate with
gbundant sidenle lammae and nedules, elliphical saucer-shaped Carbonals concretons, and scdive 1essiks
Silly shales coarsen upwind intd thin-bedded, often booturbated sittstone intedsaded with tne-gramed, rpple-
padded sandstone and shale, the sitstong-sandstune-shiale unik i Lum COarsens Upward Info massive 1o
ciosshadded sandstong, which may truncate the coarsenng-upwiard profile

Coarsening-upward shale members are overian by 1w 16 lve ¢ oal zones Each zene consists ol
migltiple coals thal may spi laberdhy or grade olo Carbonaceows shales and rocted sedl rocks, aithough at
teast one of the coals i usually extensive and mapped on the 7 S.unute quadrangle maps Coal Zones are
saparaled by shales, sltstonas. and sandstonas, and generally exfibd ponsiderable lateral vanabilly Some
sandstanas are (ocally edensive and useful as siraligraphic mathes

PRINCESS FORMATION [MIDDLE PENNS YLYANIAN ) —Named by Chesnut 1982} for strala Getwsen e
F"pr hase of the Stoney Fork Member and the base of the Conemaugh Formaton, which rs ot presery edon (s

quadrangle The formation s equnvalent to a und mapped as the upoer Brealiill Formation by Bice | 1985) The
nase of fhe Stonaey Fork Member (Ping and Fyce. 1979} 5 lacally 2 thin (010 4 0t carbonale, which was
mapped on s0me T S-minute quadrangle maps &5 the Lost Creek Limaslone al Morse [1931), e Los Creek
Lenestang 15 nol currently recognied as 2 lormal bed n the nerheastem pan of the Hazard Quadrandgle, 8
second carbonate, he Fiint Ridge Fiint (Marse, 1921], ocours above the Skyline coal Tona and 15 mappsd an
some 7 S-mingte quadrangle maps The Fiint Ridge Flinl consesls of tan chart and yellowsh-gray fo Gar-aray,
sparsehy fossiiferous, thin-bedded hmestone and sandslone, i 15 ganerally less than 3 1Ltk althoudh L nay
be @ much as 30 1 thick in channgl deposis (Hinchs, 19780 Coals in the Princess Formation, n
descending order, are the Skyling coal 2one (Hazard No. 11), equrvalent 10 The upper and lower koot coal
zong (Hinnehs, 19780 ], {Mixon, 1965, and the Tiptop [Hazard Ha 10} coal Because the lamahon oCurs
anly in he taps of s in tha nodheastem part ol the Mazard Quadrangle, & 15 generally nol well expased,
although the Staney Fork Member 15 exposed i upper roadiuts along Kenducky Highway #0 & the Hazand
Morth 7 & mingle quadrangls (Cobb and olhers, 1981, Chesnut, 19974)

FOUR CORKERS FORMATION (MIDDLE PENHSYLVANIAN) — Named by Cheanul | 1937) for slraia between
Pfe i bace of the Magoliin Member and the base of the Stoney Fek Mamber, which 15 equevalen 1 thi middle
Breathall Formation of Rica [1955) The Magofin Member {Ouertndge, JUT8Y, which 15 equivaler 1 he
Magolin Beds of Morse (1931) and earar usage, s thee mos? widely recogmized of ENe manne Tones in i
Breathilt Grous, dvanes Irom 016 85 fin thickness acrass the Hazard Quadrangle, [Fckening to the easl The
pace ofiha unet was used a5 & color break on many of the T S-mewite quadrangle maps et compose the
Hazard Quadrangle Coals n he Four Comners Formation, n descanding grier, are the Hrdman [Hazard NG
a), Francis (Hazard No 8], Hazard No T, Hazard zone (whch includes in# Leathermood, Hazard Mo 5,
Hazard Mo 54 and Mazard o 6 coals), and ihe Haddix Zong This uil was named fiar the Four Commers
axposure @ the intarsection of Kertucky Highway 15 and Kentucky Highw ay B0 (T abt and ofhers, 1981), and
i also well exposed along the Daniel Brone Parknay was! of Hazard {Home, 1978 and alend Kentucky
rhghway 30 east of Hazard [Chesnul, 19916]

ol the Kendnck Shale Member and the base of the Magathn Member The Kendnck (Aisn 1919} vanes from
0he 45 1 in thickness and was not mapped on several T Sminute quadrangls Maps becauss it had been
replaced by sandstone (& g , FRice and Lee, 1978) Whers the Hyden Formation s missing, tha top ol the
Amburgy coal 15 corsidersd the base of the larmation Coals in the Hydén Faqmation, i descending order, ane
the Cogland, Hamlin zone. Fire Clay nder, Fire Clay (Hazand No 4), and Whilesburg 2one The Fire Clay coal
conlains & debinctive 2- to B-in ek, black to beown fint clay walh conchoidal racture that was degasiled Bs @
walcane ash deposit Samdines in the finl ciay have been radiometncally daléd ot 37 +1 Mabw Lyons and
glhers (1982} and 311 +1 Ma by Rice and ofhers {1904) The Fure Clay coal and fint clay are well exposad
along Kenlucky Highway 15 near Carr Fork Lake [Eble and others, 1095) The formation crigs out along the
Dianuel Boone Parkway west of Butknom Reservair {Cobb and olners, 1931, near e dam al Buckham Stale
Park (Danlcik and Lewis, 1978a), and along the Kentucky Highway 15 bypass arpund Hazara (Eble and
olers, 1995)

| HYDEN FORMATION (MIDOLE PENNSYLVANIAN) — Named by Chesnat {19937 for strata between the base
Ph

PIKEVILLE FORMATION [MIDOLE PENNSYLVANIAN) — Hamed by Chesmul 1 1583] bor strata belreen Ine
PPR base of the Betsie Shale Member and the base of tne Kendnck Shale Member The Belsie Shale was delined

by Rice and olhers in 1957 and was not shisn o1 T S-minute quadrangle maps. sthough  raam iy oo
just abova the Manchestar-Lily coa, which wes eulensivelymagped in 1 S-mids quidsangles in Bhi wiste
sart of the Hazard Quadrangle. Coals in the Pileville Formabion Ihal were mapped on T S-mmude quadrange
maps ane, indescendng ordar, he Amburgy 2ane, Lipper Elkhom Mo 2 zone, Jelsco-Hucklebermy zone, and
the Biue GemiPand Creek 2one The Upper ElkomNa 3 ¢oal is ovadan By & carmanaceous shiale contamning
manne fossils, called the Elkins Fork Shale, whech was descnbed on sey eral T S-minute quadrangle maps The
Kendnck and Ellans Fork Shales are well exposed slong e Danse] Boone Farkway m Clay County (Cebb and
olhers, 13814

Bee Fotk Sandstone 1o Ine base of the Betsie Shale  The upper parl of the formalon 15 locally dammaled by
trach, crossbedded, sandstones The Corbin Sandstons Member mey inkerfinger willh lalzra tacees & the fop o
the unit The upper part of the Grundy tontaing the Manchester-Lily coal, wiich 15 underlam by e (ray Hawk
and Bealtyailla-T allbers coal  The lower par of e Grundy does not erop oul in the mapped area, bul 1 goes
contain similar coal-beamg rohs

- GRUNDY FORMATION (LOWER PENHSYLYANIAN) — Namead by Chesn (1992} far sirata from the top of fhe

Geologic Column
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